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AIRBORNE EMISSIONS REPORT FOR THE PERIOD 10/5/90 TO 1/4/91 

FEDERAL F A C I L I T Y  COMPLIANCE AGREEMENT 
I N  RESPONSE TO ITEM E OF THE CLEAN A I R  ACT SECTION 

Introduction 

This report is submitted in response to Item E--of the Clean Air Act Section of 
the Federal Facilities Compliance Agreement. Specifically, the EPA has required 
the following action: 

"U.S. DOE shall maintain records of monthly particulate matter 
emissions and shall provide U.S.  EPA with quarterly reports." 

The emissions o f  concern are considered to be particulate uranium. The report 
includes monthly reports of emissions from monitored stacks, unmonitored stacks, 
and scrubbers; as well as, the quarterly summary report. Air emissions at the 
FMPC are routinely analyzed for total uranium. 

Dust Col 1 ectors 

There are 41 dust collectors currently operational at the FMPC which handle 
uranium dust. None of these were operated in a production mode during the 
reporting period. Dust collectors 61-856, 62-6042, 65-248, 65-262, 65-284, 65- 
1029, G9N1-1035, and 655-1016 are equipped with a multiple point continuous 
isokinetic sampler. All other dust collectors are equipped with a single point 
particulate sampler. A sampler consists of a pleated paper filter in a cap- 
shaped holder. Air is drawn through the filter, leaving any particulate$ on the 
paper. At regular intervals, the filters are destructively analyzed for u.ranium. 

Scrubbers 

Conventional monitors cannot be used to measure emissions from wet scrubber 
systems, because.of the high moisture content of the exhaust gas. In the case of 
a filter sampler, the paper quickly becomes saturated and restricts air flow. 
To date, a real-time monitor has not been found that can be used in the scrubber 
exhausts. Particulate emissions reports will include estimated uranium losses 
from the FMPC scrubber systems. These estimates are based on emissions factors 
obtained from earlier U . S .  EPA Method V stack testing. 

There are 12 uranium emissions scrubbers currently operational at the FMPC. 
Scrubbers were not operated during the reporting period. 

Other Emi ssions 

Emissions from eight sources, which do not have samplers installed, are 
calculated monthly. Emissions factors for these sources are based on hours of 
operation in the mode which results in an air emission, U.S. EPA Method V stack 
testing or engineering estimates. There were emissions from three of these 
sources during the reporting period. 

Building vents and unmonitored laboratory hoods are not included in particulate 
emission reports because uranium losses from these are considered to be 
insignificant and are reported annually in the annual NESHAP Subpart H compliance 
demonstration. 3 



SUMMARY OF URANIUM EMISSIONS FROM PARTICULATE STACKS AND SCRUBBERS 
FOR THE PERIOD 10/5/90 TO 1/4/91 

Stack U Emissions (kg) 
Emission P o i n t  Cont ro l  Sampler Stack % o f  FMPC 

Number Equi p. S ta tus  T o t a l  T o t a l  

092 
093 
00 1 

Plant 1 

007 
005 
006 
003 
015 
001 
016 
010 
002 

- - - - - - - - -  
62-1 
62-2 
62-64 
62 - 76 
62-171 
62-172 
62-235 
62 - 60 14 
62-6042 

T o t a l  P l a n t  1 Emissions 

P l a n t  2/3 - - - - - - - - -  
61-94 
61-856 

~ T o t a l  P l a n t  2/3 Emissions 

P l a n t  4 - - - - - - - - -  
008 64- 1 
005 64-2 
025 64-4 
009 64-5 
00 1 64-7 
006 64- 12 
003 64- 13 
004 64-14 
W. Talcum Coo l ing  Vent 
002 

I 
I 
I 
I 
I 
I 
I 
I 
I 
S 

-0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
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SUMMARY OF URANIUM EMISSIONS FROM PARTICULATE STACKS AND SCRUBBERS 
FOR THE PERIOD 10/5/90 TO 1/4/91 

Stack U t m i s s i o n s  (kg) 
Emission P o i n t  Cont ro l  Sampler Stack % o f  FMPC 

Number Equip. S t a t u s  T o t a l  T o t a l  

P l a n t  5 - - - - - - - - _  
3 65- 248 
10 65-256 
13 65-260 
14 65-261 
17 65-262 
15 G5 - 284 
22 G5- 1020 
16 G5A-101 
18 655-1016 
18 G55E- 100 
Graph i te  Breakup Booth 
E. Mold Coo l ing  Booth 
W. Mold Cool ing  Booth 
Remelt Furnace 
E. Cool ing Well  
W. Cool ing Well  

To ta l  P l a n t  5 Emissions 

P l a n t  6 

6 
B r i q u e t t  i ng Scrubber 
Scrap P i  c k l  i ng 

' To ta l  P l a n t  6 Emissions 

- - - - - - - - -  
3 S ESP 66 - 3578 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 
I 
I 

0.0 0 
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SUMMARY OF URANIUM EMISSIONS FROM PARTICULATE STACKS AND SCRUBBERS 
FOR THE PERIOD 10/5/90 TO 1/4/91 

Stack U Emissions (kg) 
Emission Po in t  Control  Sampler Stack % o f  FMPC 

Number Equip. Status To ta l  To ta l  

P lant  8 

006 
008 
001 
01 1 
002 Rota ry  K i l n  
007 Oxidat ion No. 1 
010 Box Furnace 
005 Primary Ca lc iner  
Drum Washer 
E IMCO #1 
01 i ver  F i  1 t e r  

_ - - - - - - - -  
68-8035 
G8-8057 
643-27 
G43 - 29 

T o t a l  P lan t  8 Emissions 

I 
I 
I 
I 
S 
S 
S 
S 
0 
0 
0 

5:5 
24.0 

29.8 

Plant  9 - - - - _ - - - -  
0 
0 
0 

00 1 -' G9E2-400 I N/O 
G9N1- 1035 I N/O 

Z i rn lo-Derby Pick1 i n g  I_ 0 N/O 

Tota l  P lant  9 Emissions 0.0 0 

P i l o t  P lant  - - - - - - - - - - -  
0 
0 
0 
0 

I 0 
0 

015 G- 1 I N/O 
016 6-2 I N/O 
R-14 735-13-7041 I N/O 
R-  50 735-13-7051 I N/O 

Reactor Area S N/O 
Stokes Vacuum 0 N/O 

I 

Pump 

Tota l  P i l o t  P lant  Emissions 0.0 0 

Page 3 



SUMMARY OF URANIUM EMISSIONS FROM PARTICULATE STACKS AND SCRUBBERS 
FOR THE PERIOD 10/5/90 TO 1/4/91 

Stack U Emissions (kg) 
Emission P o i n t  Cont ro l  Sampler S tack  % o f  FMPC 

Number Equip .- Sta tus  T o t a l  T o t a l  

Labora tory  - - - - - - - - - -  
00 1 615-001 

T o t a l  Moni tored Labora tory  
Emissions 

NAR System 

T o t a l  NAR Emissions 
- - - - - - - - -  

I N/O 0 

O - . D T  

0 0 

D & D F a c i l i t y  

T o t a l  D & D F a c i l i t y - - E m i s s i o n s  0 0.011880 70.2 
- - - - - - - - - - - - - -  

4- 
t 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Summary o f  FMPC 
A i r  Emissions f o r  t h e  
Four th  Q u a r t e r  CY 1990 

0.016927 100 

KEY: 1 - Stack sampler i s  i n s t a l l e d .  
S - Scrubber system, emissions a r e  est imated.  
0 - No sampler i n s t a l l e d ,  emissions a r e  est imated.  

N/O = The dus t  c o l l e c t o r  and assoc ia ted  process sources were n o t  opera ted  
d u r i n g  t h e  r e p o r t i n g  p e r i o d .  

7 
_. .. 
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E n v i r o m n t a l  Corrpliance - Air/Uater/NEPA Compliance 

Stack Discharge Report f o r  the per iod from October 5, 1990 t o  November 5, 1990 

Cot l ec to r  I Status I Notes I Stack Discharges Estimated I Total 

I I I kg U I Sanpling In te rva l  I kg U 
Nunber I I I During This Reporting Period I This Year 

^I -1 I I I 

Plant 1 
C2- 1 
C2-2 
C2-64 
C2 - 76 
C2- 171 
C2-172 
C2-235 
C2-6014 
C2-60420 * 

C2-6042s 

Plant 2 / 3  
C1-94 
C2-8560 
C2-856s 

Totals 

I 
I 
I 

.- - I 
I 

Plant 4 

C4- 1 I 
CC-2 I 
C4-4 I 
C4-5  I 
C4-7 I 
C4-12 1 
CC- 13 I 
C4-14 I 
Talcun Cooling Vent I 

I 
Totals I 

-___-_-__--_____.-__ 

N/O I 10/15 /89  I 0.0 
W O  I 10/15 /89  I 0.0 
N/O 1 10/15 /89  I 0.0 
N/O I 10/15 /89  I 0.0 
N/O I 1 O/ 15/89  I 0.0 
N / O  I 9 / 2 3 / 9 0  t o  10/21 /90  I 0.0 
N/O I 9 / 1 6 / 9 0  t o  10/13 /90  I 0.0 
N/O I 9 / 2 3 / 9 0  t o  10/21 /90  I 0.000356 
N/O I 9 / 1 / 9 0  t o  9/30 /90  I 
N/O I 9 / 3 0 / 9 0  t o  10/27/90 I 0.0 
** I 9 / 8 / 9 0  t o  10/7 /90  I 

I 1 0 / 7 / 9 0  t o  1 1 / 4 / 9 0  I 0.0 ** 
- - - - - - - - I - - - - - - - - - - - - - . - - - - - - - - l - - - - - - - - - -  

0.0 I I 0.000356 

5 I F i l t e r  #a97 I N/O I 10 /15 /89  I 0.0 
5 I F i l t e r  #04 I N/O I 10/15 /89  I 0.0 

5 I F i l t e r  #898 I N/O I 10 /15 /89  I 0.0 
5 I F i l t e r  #8W I 9 N/O I 10/15 /89  I 0.0 
5 1 F i l t e r  ?WOO I N/O I 10 /15 /89  I 0.0 
5 I F i l t e r  #931 I N/O I 10 /24 /89  1 0.0 
5 I F i l t e r  #01 I I 1 O/ 1 5 / 8 9  I 0.0 - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - - l - . - - - - - - - - l - - - - - - - - - . - - - . - - - - - - - - I - r - - - - - - - -  

I I 0.0 I I 0.0 

4 I F i l t e r  #247 I N/O I 9 / 2 3 / 9 0  t o  10/21 /90  I 0.0 
4 I F i l t e r  #248 I N/O I 9 / 2 3 / 9 0  t o  10/21 /90  I 0.0 

L 

Status: 1 - F i l t e r  not inspected t h i s  period. 
2 - F i l t e r  inspected but no t  changed. 
3 - F i l t e r  changed, analyzed and discharge estimated. 
4 - F i l t e r  changed but analys is  not  c q l e t e .  To be reported. 
5 - Collector abandoned o r  on standby. 

- Duct sanpler, not a discharge source. 
** - Dust co l l ec to r  operated for  t e s t i n g  purposes only. 

N/O = The dust co l l ec to r  and associated process sources were not operated. 

Stack sanpler f i l t e r  not r o u t i n e l y  changed. 

Conversion fac to r  i s  being 
Emissions not included in report.  

8 calculated. Any discharges w i l l  be included i n  subsequent reports. 



1152 
Envirormentai compt iance - Air/Uater/NEPA compl iance 

Stack Discharge Report forethe per iod from.0ctober 5, 1990 t o  November 5, 1990 

Col lector  1 Status I Notes I Stack Discharges Estimated I Total 

-1 I I kg U I Sampling In te rva l  I kg U 
Nuther I I I During This Reporting Period I This Year 

^ I  -1 I I I 

Plant 5 
C5-2470 I 

I 
C5-2480 I 

I 
t5 - 248s I 

I 
CS - 249 I 
C5-250 I 
C5-254 I 
G5 - 256 I 
C5 - 260 I 
G5-261 I 
G5-262 I 
G5-267 I 
C5A- 100 I 
C5A- 101 I 
G5A-284D I 
C5A-284S I 
COS-1019D I 

I 
COS- 1020s I 

I 
COS-10290 I 

I 
C55- 1016s I 

I 
‘255-10170 I 

I 
G55E - 100 I 
Graphite Breakup Booth 
E. Mold Cooling Booth 
U. Mold Cooling Booth 
East Cooling U e l l  I 
Vest Cooling u e l l  I 

3 
4 
3 
4 
3 
4 

5 
5 
5 
5 

5 
3 
3 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
5 
5 
5 
5 
5 
5 

I F i l t e r  #235 I N/O 
I F i l t e r  #259 
I F i l t e r  #236 
I F i l t e r  #260 
I F i l t e r  #237 
I F i l t e r  #261 
I Dismantled 
1 Dismantled 
I Dismantled 
I F i l t e r  #132 
I F i l t e r  #133 
I F i l t e r  #134 
I F i l t e r  #135 
I Dismantled 
I Dismantled 
I F i l t e r  #137 
I F i l t e r  #243 
I F i l t e r  #24C 
I F i l t e r  #228 
I F i l t e r  #252 
I F i l t e r  #229 
I F i l t e r  #253 
I F i l t e r  #230 
I F i l t e r  #254 
I F i l t e r  #231 
I F i l t e r  #255 
I F i l t e r  #232 
I F i l t e r  #256 
I F i l t e r  #136 
I F i l t e r  #965 
I F i l t e r  #9& 
I F i l t e r  #968 
I F i l t e r  #915 
I F i l t e r  #916 

I 9/8/90 t o  l0/7/90 I 
I 10/7/90 t o  11/4/90 I 0.0 

9/8/90 t o  10/7/90 I 
10/7/90 t o  11/4/90 I 0.0 
9/8/90 t o  10/7/90 I 
10/7/90 t o  11/4/90 I 0.0 

I 

5/13/90 
5/13/90 
5/13/90 
5/ 13/90 

I .  5/18/90 
I 5/13/90 
1 9/16/90 t o  10/13/90 
I 9/16/90 t o  10/13/90 
I 9/1/90 t o  9/30/90 
I 9/30/90 t o  10/27/90 
I 9/1/90 t o  9/30/90 
I 9/30/90 t o  10/27/90 
I 9/1/90 t o  9/30/90 
I 9/30/90 t o  10/27/90 
I 9/1/90 t o  9/30/90 
I 9/30/90 t o  10/27/90 
I 9/1/90 t o  9/30/90 
I 9/30/90 t o  10/27/90 
I 5/13/90 
I 11/22/89 
I 11/22/89 
I 11 /22/89 
I 10/19/89 
I 10/19/89 

0.0 
0.0 
0.0 
0.0 
0.0 

I 0.0 
I 0.0 
I 0.0 
I 0.0 

I 
I 0.0 

I 
I 0.0 

I 
I 0.0 

I 
I 0.0 

I 
I 0.0 

I 0.0 
I 0.0 
I 0.0 
I 0.0 
I 0.0 

I 0.002301 

Status: 1 - F i l t e r  not  inspected t h i s  period. 
2 - F i l t e r  inspected but not changed. 
3 - F i l t e r  changed, analyzed and discharge estimated. 
4 - F i l t e r  changed but analysis not corrplete. To be reported. 
5 - Co l l ec to r  abandoned o r  on standby. Stack sampler f i l t e r  not r o u t i n e l y  changed. 

- Duct sampler, not a discharge source. Emissions no t  included i n  repor t .  
N/O = The dust c o l l e c t o r  and associated process sources were not operated. 
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Enviromntal Compliance - Air/Vater/NEPA Compliance 

'- 1.15.2 Page 3 

Stack Discharge Report for the period from October 5 ,  1990 to November 5,  1oOp 

Collector I Status I Notes I Stack Discharges Estimated I Total 
I During This Reporting Period I This Year 
I kg U I Sampling Interval I kg U 

Nunber I I 
1 1 

^ I  -1 I I I 

/ 

Status: 1 - Filter not inspected this period. 
2 - Filter inspected but not changed. 
3 - Filter changed, analyzed and discharge estimated. 
4 - Filter changed but analysis not complete. To be reported. 
5 - Collector abandoned or  on standby. stack sampler filter not rwtineiy changed. 

- Duct sampler, not a discharge source. Emissions not included in report. 
N/O = The dust collector and associated process sources uere not operated. P O  
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Envirormental Compliance - Air/Uater/NEPA Compliance 

Stack Discharge Report for the period from October 5, 1990 to Novecrber 5, 1990 

Cot lector I Status I Notes I Stack Discharges Estimated I Total 

I I I kg U I Sampling Interval I kg U 
Nunber I I I During This Reporting Period I This Year 

^I -I I I I 

Status: 1 - Filter not inspected this period. 
2 - Filter inspected but not changed.- 
3 - Filter changed, analyzed and discharge estimated. 
4 - Filter changed but analysis not corrplete. To be reported. 
5 - Collector abandoned or on standby. Stack sampler filter not routinely changed. 

- Duct sampler, not a discharge source. Emissions not included in report. 
N/O = The dust collector and associated process sources uere not operated. c 

! 
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TABLE A 

FHPC Con t ro l l e r ' s  Organization- - Materials Control g Accountabi l i ty  

P lant  8 Wet Scrubber Emission Report f o r  the Per iod from 10/01/90 TO 10/31/90 

Wet-- 
Scrubbers 

-. -.. 

I Emission I Vet Scrubber Emissions I Total 
I Factors I Calculated During This I This Year 
l U  grns./hr. oper. I Reporting Period I kg. U 

I I kg. U I Operating Hours I 
I I I I .......................................................... 

Current emission factors are based on USEPA-approved stack t e s t i n g  studies. 
These factors  are d o c w n t e d  in  a l e t t e r ,  A. H. Schuartzman t o  D. L. Ounauay, 
dated Ju l y  5 ,  1988, Plant 8 Scrubbers. 

** This emission factor  i s  based on continuous stack sampling performed u h i l e  
Primary Calciner uas dry ing uet  sump cake (MTC 0069) dur ing April 1989. 



'TABLE B 

Estimated Uraniun-Emissions - U m i t o r e d  Stacks 

Hours as used i n  emission factor  represent hours o f  operation in  the mode which 
resu l t s  i n  an a i r  emission. 
Factors f o r  Plant 6 Scrap P ick le  and Br ique t t i ng  were determined before these 
f a c i l i t i e s  uere t ied i n t o  the WOx Destructor. 
lower than reported. 
i s  c q l e t e .  
Due t o  the length of t ime required t o  analyze a i r  a c t i v i t i e s ,  the reported values 
represent emissions from the previous month. 

As a resu l t ,  U emissions w i l l  be 
Ww m i s s i o n  fac to rs  u i l l  be developed when stack sarrpling 
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Fnvirurm’r l ta l  Ccwl iance - Air/Uater/NCFA Ccmpliance 

Stack Discharge R c p r t  f o r  the  pe r iod  from U c v c h e r  5, 1WO t o  D c c h r  3, 1990- 

C o l l e c t o r  I s ta tus  I Notes I Stack Discharges Est imated I To ta l  

I I I kg U I S impl ing  I n t e r v a l  I k g  U 
U-r I I I Dur jng  This Repor t ing  Per iod  I Th is  Year 

1-1 I I I 

P lan t  1 

C2- 1 I 5  
c2-2  I 5  
c2-64 1 5  
t 2 -  76 1 5  
62-171 I 5  

F i l t e r  #892 
F i l t e r  a 9 4  
F i l t e r  U877 
F i l t e r  U891 
F i l t e r  #895 

G2-172 I 3 I F i l t e r  #245 
I 4 I F i l t e r  #271 

62-235 I 4 I F i l t e r  #262 
62- 6014 I 3 1 f i l t e r  #246 

I 4 I f i l t e r  #272 
62-6042D I 4 I F i l t e r  #227 

I 4 I F i l t e r  #257 
I 4 I f i l t e r  #274 

62 - 604 2s I 4 I F i l t e r  #258 
I 4 I f i l t e r  1281 

- - - - - - - - - - . - - - - - - - - . l . . - - - - - . I . . . . - - . . . - - . -  
To ta l s  I I 

Plan t  2/3 

.- 

N/O I 1 o/ 1 5 /89 
N/O I i o / w a 9  
N/O I t 0/15/a9 
N/O I 10/15/89 
N/O 1 10/15/89 

I N/O I 9/23/90 t o  10/21/90 
I N/O I 10/21/90 t o  11/17/90 
I U/O I 10/13/90 t o  11/10/90 

I w/O I 10/21/90 t o  11/17/90 
I ! l /O I 9/1/90 t o  9/30/90 
I U/O I 9/30/90 t o  10/27/90 
I N/O I 10/27/90 t o  11/22/90 
I * *  I 10/7/90 t o  11/4/90 
I ** I l l / L / 9 0  t o  12/2/90 

I N/O I 9/23/90 t o  10/21/90 

- . - . - I . - - - - - - - - - I - - - - . - - - - - - - - - . - - - . - - -  
I .  0.0 I 

0.0 
0 .0  
0.0 
0.0 
0.0 

0.0 
0.0 

0.000356 

0.0 

0.0 

0.000356 

.---_--.-- 

c 
k 

P l a n t  C 
C 4 - 1  
c4-2 
c4-4  

CC-5 

C C - 7  
cc- 12 

F i l t e r  U897 
I F i l t e r  S O 4  
I F i l t e r  #247 
I F i l t e r  #273 
I F i l t e r  Y248 
I f i l t e r  #268 
I F i l t e r  M 9 8  
I F i l t e r  #899 

I N/O I 10/15/89 0.0 
I , “10 I 10/15/89 I 0.0 
I N/O I 9/23/90 tQ 10/21/90 I 
I N/O I 10/21/90 t o  11/17/90 I 0.0 
I N/O I 9/23/90 t o  10/21/90 I 
I N/O I 10/21/90 t o  11/17/90 I 0.0 
I N/O I i o i w a 9  I 0.0 
I N/O I 10/15/89 I 0.0 

Status:  . - f i l t e r  no t  ..rspected t h i s  peria. 
2 - F i l t e r  inspected but not changed. 
3 - F i l t e r  changed, analyzed and discharge estirrrated. 
C - F i l t e r  changed krt ana lys i s  no t  c w p l e t e .  To be reported. 
5 - Co l l ec to r  abandoned or on standby. Stack sarrpler f i l t e r  not r o u t i n e l y  changed. 

- Duct sampler, not a d ischarge source. Emissions not included in  repor t .  
** - Oust c o l l e c t o r  operated f o r  t e s t i n g  purposes only. Conversion f a c t o r  i s  being 

calculated. Any discharges w i l l  be included in  subseqxn t  repor ts .  
N/O = The dust c o l l e c t o r  and assoc ia ted  process sources were not operated. 



Fa;c 2 

I Env i ro rmcnta i  Cwpl iancc  - Air/Uater/NCFA Cwp l iance  

I :tack Discharge Report f o r  the  pcricd from r;o\m&r 5, 1990 t o  Decedc r  3, 1 m -  

Col l e c t o r  I Sta tus  I Notes I Stack Discharges'Est imated I To ta l  
I Dur ing  This R e p r t i n g  Period 1 T h i s  Year 
I k g  U I Sirrrpling I n t e r v a l  I kg U 

U h r  I 1 
I I 
1-1 I I I 

Tota ls  

P lan t  5 
G5-247'0 

t 5 - 2 L m  

GS -2485 

C5 - 249 
CS-2SO 
CS-254 
GS -256 
C5 - 260 
C5-261 
CS - 262 
65-267 
CSA- 100 
CSA- 101 
CSA-2040 * 
CSA-2045 
COS-10190 

GO5 - 10205 

COS- 102% 

CSS-10165 

C 5 5 -  1017D 

GSSE - 100 

I 

Graph i te  Breakup Booth 5 

I 

I F i l t e r  ti259 
I F i l t e r  a282 
I F i l t e r  $260 
I F i l t e r  P283 
I F i l t e r  lr261 
I F i l t e r  U284 
I D i s m n t l e d  
I Disr ran t led  
I Dismant led 
1 F i l t e r  1132 
I F i l t e r  #133 
I F i l t e r  #134 
1 F i l t e r  #135 
1 Dismant led 
I Dismant led 
I F i l t e r  #137 
I F i l t e r  #265 
I F i l t e r  11266 

F i l t e r  #2S2 
1 F i l t e r ,  X275 
I F i l t e r  #253 
1 F i l t e r  #276 
] F i l t e r  #254 
I F i l t e r  L277 
I F i l t e r  #255 
I F i l t e r  #278 
I F i l t e r  #256 
I F i l t e r  e279 
I F i l t e r  a136 
1 F i l t e r  a965 

I 0.0 

10/7/90 t o  11/4/90 I 
11/LI90 t o  12/2/90 I 0.0 
10/7/90 t o  11/4/90 I 
11/L/90 t o  12/2/90 I 0.0 
10/7/90 t o  11/4/00 I 
11/4/90 t o  12/2/90 I 0.0 

I 0.0 
I 0.0 
I 0.0 

5 /  13/90 I 0.0 

5/13/90 I 0:o 
5/13/90 I 0.0 

1 0.0 
5/18/90 I 0.0 
5 / 1 3 / 9 0  I 0.0 

5/13/90 I oyo 

I 10/13/90 t o  11/10/90 I 0.0 
I 10/13/90 t o  11/10/90 I 0.0 
I 9/30/90 t o  10/27/90 I 
I 10/27/90 t o  11/22/W I 0.0 
I 9/30/90 t o  10/27/90 I 
I 10/27/90 t o  11/22/90 I 0.0 
I 9/30/90 t o  10/27/90 [ 
I 10/27/W t o  11/22/90 I 0.0 
I 9/30/90 t o  10/27/90 I 
I 10/27/90 t o  11/22/90 I 0.0 
I 9/30/90 t o  10/27/90 I 
I 10/27/W t o  11/22/90 I 0.0 

5/13/90 I 0.002301 I 
I 11/22/89 I 0.0 

Status: I - F i l t e r  no t  inspec ted  t h i s  per iod.  
2 - F i l t e r  inspec ted  but not  changed. 
3 - F i l t e r  changed, anaty red  and discharge estimated. 
C - F i l t e r  changed but ana lys i s  not conplete.  lo be reported. 
5 - Co l l ec to r  abandoned or on standby. Stack sanpler f i l t e r  not r o u t i n e l y  changed. 

- Duct sanpler, not I d ischarge source. Emissions not i n c l u j e d  i n  repor t .  
N/O = the dust c o l l e c t o r  and assoc ia ted  process sources wcre not operated. 



Page 3 

f nv i ro rmcn ta l  C q l i b n c e  - Air/Ustci/h'[FA Cc.-c: i m c e  

Stack Discharge R e p o r t  for the p c r i c d  f r a n  Nc,.c-kwr 5, 1930 t o  D c c e r k r  3 ,  1990 

Col l e c t o r  I Status I h'otes I Stack Discharges Estimated I Tota l  
I Dur ing  This Reporting Per iod  I This Year 
I kg U I Sa;ipling I n t e r v a l  I kg U 

N h r  I I 
I I 
1-1 I I i 

P lan t  5 c m t  inued 
E. Mold Cool ing Booth 5 I F i l t e r  #96c 
w. Mold Cool ing Booth S I F i l t e r  #968 
East Coo l ing  Well I S 1 f i l t e r  #915 
Vest Cool ing Well I 5 I f i l t e r  #916 
--- . .----.---. . .---- l-------- l--------.----- 

To ta l s  I I 

P lan t  b 
h 'or th E S P  I S I f i l t e r  MS 
South ESP I S I F i l t e r  :J7 
________. - - - - - - - - - - -  I . - - - - - - - I - - - - - - - . . . - - - - -  

Tota ls  I I 

Plan t  9 
G9E2 - 400 
G9N1-10350 

G9N1-103SS 

- -  

I N/O 
I N/O 
I N/O 
I N/O 
I - - - - - - -  
I 0.0 

I 
I 
I 
I 

' -  I 
I 

11 /22/09 
11 /22/09 
10/19/89 
10/19/89 

I 0.0 
I 0.0 
I 0.0 
I 0.0 

- - - - . I . . - . - - - - -  
I 0.002301 

N/O 
N/O 
Y/O 
N/O 

0.0 

10/2&/89 
10/2C/89 
10/2C/89 
10/15/89 

.-. 

I 0.0 
I 0.0 
I 0.0 
I 0.0 
I - . - - - - -  
I 0.0 

0.0 

0.0 

0.0 

0.0 

-..-.-- 

- 
Status:  1 - f i l t e r  not inspected t h i s  per iod .  

2 - F i l t e r  inspected but not chaaged. 
3 - F i l t e r  changed, analyzed ard  d ischarge estimated. 
C - F i l t e r  changed but ana lys is  no t  conplete.  To be reported. 
5 - Co l l ec to r  abandoned or on standby. Stack sanpler f i l t e r  no t  r o u t i n e l y  changed. 

- D u c t  sanpler, not  a d ischarse  source. 
N/O = The dust c o l l e c t o r  and assoc ia ted  process s w r c e s  were not operated. 

Emissions not included i n  repor t .  



Page C 

Environrrcf j ta l  COip I  isnce - Air/Uater./hEPA 

Stack Discharge Report f o r  the pcricd f r v n  r ;ovcdxr 5, 1990 t o  Decmlbcr 3, 1990 

C q L  iance 

Col Lector I Status I Notes I Stack Discharges Es t imatcd  1 To ta l  

I Dur ing  Th is  Repor t ing  Per iod  I This  Year 
I kg  U I Sampling I n t e r v a l  I k g  U 

umber I I 
I I 
1-1 I I I 

0.0 

0.0 
0.0 
0.0 

0.0 
.-. 

Status:  1 - F i  
2 - F i  
3 - F i  
C - F i  

t e r  no t  inspected t h i s  per iod.  
t e r  inspected krt not changed. 
t e r  changed, analyzed and discharge est imated. 
t e r  changed tut ana lys is  not corp le te .  To be  reported. 

5 - C o l l e c t o r  a t i d o n e d  or--on-standby. Stack sairpler f i l t e r  no t  r o u t i n e l y  changed. 

- Duct sarrpler, not  a discharge source. 
N/O = The dus t  c o l l e c t o r  a d  associated prscess sources were not operated. 

Emissions not included in  repor t .  

c 



, 

.- TABLE A 

fEPC C o n t r o l l e r ' s  Orpen ize t i on  . H a t e r t e l s  C m t r o l  6 A c c a n l s b l l l t y  

P l b n t  8 Uct Scrubber Emission R e p o r t  for  t h e  

Wet 
Scrubbers 

I Emission 
I Fectors 
(u gms./hr. tper. 

I 

e r i o d  from 11/1/90 t o  11/30/90 

Uct Scrubber Emissions I T o t a l  
Ca lcu la ted  During T h i s  I T h i s  Year 

kg. U I Operating Hwrs I 
Repor t i cq  P e r i o d  I kg. U 

I I I I 

I I I I 
I I I I 

.......................................................................... ...... 

Rotary Kiln I 1.01 0 1  0 I O  
I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I 0.51 I I I 

I I I I 

................................................................................. 

Cx ida t i on  No. 1 fu rnace I 7.11 I O  I 0 I O  

................................................................................. 

6 0 x  Furnace I 2.06 1 0  I 0 I O  

................................................................................ 

Primary Calc ner  I 3.00 ** I O  I 0 I O  
................................................................................. 

I I I I +  
T o t a l s  I I O  I 0 I O  r 

I 1 I I 

Current emiss ion  f a c t o r s  a re  based on USEPA.approved stack t e s t i n g  s tud ies .  
These f a c t o r s  a r e  d o c , m n t e d  i n  a l e t t e r ,  A. H. Schuartznsn t o  0. L. Dunauay, 
dated J u l y  5, lFW, Plant  8 Scrubbers. 

* *  This emiss ion  f a c t o r  i s  based on cont inuous s tack  sarrpling performed while 
Primary Ca lc ine r  uas d r y i n g  wet  sur^ cake ( H I C  0259) during April 1989. 
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" 
TABLE B 

Est imat rd  Uraniun Emissions - U r r o n i t o r c d  Stacks 

- I  -. ant 
- . - I  .. 

- - . . - - . - - . I - . - . . . - - -  I 
0.000000 IO. 000000 I 

- - . - . - . - . - I . . . - . - - . .  I 
0.000000 ~0.000000 

I .-.-...-.-I..------. 



ri;c 1 

E,nviromwcntal Cc-ipi iance - kir/X:jlcr/YCPA Co:p l  iance 

Stack Discharge Report for the period frm Decc%ber 3, 1990 to January I ,  1991 

Collector I status 1 h'otes I Stack Discharges Estimated I Total 

I I I kg U I Sawling Interval I kg U 
N d x r  I I 1 During This Reporting Period I This Year 

1-1 I I i 

Plant 1 

G2-1 I 5  
G2-2 I 5  
G2-64 1 5  
G2-76 1 5  
G2- 171 1 5  
G2-172 1 3  

1 4  
G2-235 1 3  

1 3  
1 4  

Ci2- 60 14 1 3  
1 4  

~..?.6942D 1 3  
1 3  
1 3  
1 4  

G2-60L2S 1 3  
1 3  
I 4  
I - - - - -  ________----.--.-.-- 

Totals I 

Plant 2/3 

G I  -94 I 5  
G2-8560 * I 3 

I 3  
I 4  

G2-856s 1 3  
1 3  
1 4  

I Filter f892 I 
1 Filter #e94 I 
I Filter LIS77 I 
I Filter a 9 1  
1 Filter a 9 5  
I Filter #271 
I Filter d292 
I Filter #262 
I Filter #289 
I Filter P308 
1 Filic-r e272 
/ Fiitcr 6293 
I Fi:tcr #227 
[ Filter 17257 
I Filter #274 
I Filter f303 
I Filler 6258 
I Filter $281 

I Filter #291 I 

1 filter #963 
I Filter 4263 
I Filter $287 
I Filter P309 
I Filter #264 
I filter #288 

. 

N/0 
w o  
W O  
WJ 
N/O 
N/O 

I Filter #310 I N/O 

10/15/89 1 0 .0  
10/15/89 I 0.0 
1 O/ 15/89 I 0.0 
1 O/ 15/89 I 0.0 
10/1S ,'a9 I 0.0 

10/21/90 t o  11/17/90 I 
11/17/90 to 12/15/90 0.0 
10/13/90 to 11/10/90 I 
11/10/90 to 12/8/90 I 
12/a/90 t o  i/wi I 0.0 

1@/21/90 to 11/17/90 
11/17/90 to 12/15/30 
9/1/90 to 9/30/90 

9/30/90 to 1@/27/90 
10/?7/90 to 11/22/90 
11/22/90 to 12/22/90 

10/7/90 to 11/4/90 
11/4/90 t o  12/2/90 

12/2/90 to 12/29/90 

1 1 1 2 2 1 ~  

12/a/90 to ~ 1 9 1  

16/13/90 to 11/10/90 
11/10/90 to 12/8/90 

10/13/90 to 11/10/90 
11/10/90 to 12/8/90 

12/8/90 to 1/4/91 
__-_._.._---._._----- 

O.OOO356 

0.0 

0.0 

0.000356 

---.--.-. 

0.0 

0.0 

0.0 

0.0 
_---.--.. 

Status:. 1 - Filter not inspected this period. 
2 - Filter ir.spected but not changed. 
3 - Filter changed, analyzed and discharge estimated. 
4 - Filter changed krt analysis not conplete. To be reported. 
5 - Collector abandoned or on standby. 

- Duct sanpler, not a discharge source. Emissions not-included in report. 
** - Dust collector operated for testing purposes only. 

Stack sampler filter not routinely changed. 

Conversion factor i s  k i n g  
calculated. Any discharges will be included in subsequent reports. 

W/O = The dust collector and associated process sources were not operated. 
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Sttick Discbarge Report f o r  the  p c r i o d  fran C e c e b r  3, 1990 t o  Janutiry 4, 1991 

Col l e c t o r  I Status I cotes I Stack Discherscs Est imated I To ta l  
I Dur ing  This R e p r t i n g  Per iod  I This  Year 
I kg U I Senpl ing I n t e r v a l  I kg U 

Uurhr I I 
I I 
1-1 -1 I I 

Plan t  4 
C4- I I 5 I F i l t e r  #897 

G4-2 I 5  
C4-4 1 3  

1 4  
C4-5 1 3  

1 4  
G4-7 I 5  
t 4 -  12 1 5  
C4-13 1 5  

F i l t e r  #904 
F i l t e r  #273 
F i l t e r  #294 
F i l t e r  11268 
F i l t e r  f;295 
F i l t e r  s8P8 
F i l t e r  Fe99 

N/O I 10/15/89 I 0.0 
N/O I 1 o/ 1 5 /89 I 0.0 
N/O I 10/21/90 t o  11/17/90 I 

N/O I 10/21/90 t o  11/17/90 I 
u/o I 11/17/90 t o  12/15/90 I 0.0 

N/O I 11/17/90 t 0  12/15/90 I 0.0 

U/O I 10/15/89 I 0.0 
n/0 I 1 01 15 1 a9 I 0.0 

GC- 14 I 5 I F i l t e r  H 3 1  I w o  I 
Tc:iun CooIing Ven t  I 5 I f i l t c r  t701 I N/* I 

( . _ _ . _ _ _ _ I _ _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ .  I - - - - - - - - - -  I _ .____________-_ - - - -  
i o ' a l s  

Plant  5 
G5-247D 

C5 - 2480 

t 5  - 2 ~ a s  

C5 - 249 
C5-250 
CS - 254 
C5 - 256 
G5 - 260 
C5 - 261 
C5 - 262 
GC -267 
G:A-100 
t 5 A -  101 

I 

1 3  
1 3  
1 4  
1 3  
1 3  
1 4  
1 3  
1 3  
I 4  
I 
I 
I 
1 5  
I 5  
I 5  
1 5  
I 
I 
1 5  

I 
I 

- - - - - I - -  
I I 0.0 I I 0.0 

I F i l t e r  #259 
I F i l t e r  #282 
I F i l t e r  #305 
I F i l t e r  #Z60 
I F i l t e r  #283 
I F i l t e r  #306 
I F i l t e r  #261 
I F i l t e r  #284 
I F i l t e r  #307 
I Dismant led 
I D i s m r i t l e d  
I Dismantled 
I F i l t e r  #132 
I F i l t e r  a133 
I F i l t e r  #134 
I F i l t e r  #135 
I Dismantled 
I Dismant led 
I F i l t e r  a137 

I N/O I 10/7/90 t o  11/4/90 
I N/O I 11/4/90 t o  12/2/90 
I u/O I 12/2/90 t o  12/29/90 
I u/O I 10/7/90 t o  11/4/90 
I W/O 1 11/4/90 t o  12/2/90 
I N/O I 12/2/90 t o  12/29/90 
I N/O I 10/7/90 t o  11/4/90 
I N/O 1 11/4/90 t o  12/2/90 
I u/o I 12/2/90 to 12/29/90 

I U/O I 
I I 
I I 
I N/O I 5/13/90 
I "10 I 5/13/90 
I I 5/13/90 

'1 N/O I 5/13/90 

I I 5/18/90 
I I 5 /  13/90 

I "10 I 

I 
I 
I 0.0 
I 
I 
I 0.0 

I 
I 
I 0 .0  

I 
I 
I 
I 0 . 0  
I 0.0 
I 0.0 
I 0.0 
I 0.0 
I 0.0 
I 0.0 

Status: 1 - F i l t e r  not inspected t h i s  pcriod. 
2 - F i l t e r  inspected but no t  changed. 
3 - F i l t e r  changed, analyzed a n d  d ischarge es t ina ted .  
4 - F i l t e r  changed but ana lys i s  n o t  conplete.  To be reported. 

. 5 - Co l l ec to r  abandoned or on standby. Stack sarrpler f i l t e r  no t  r o u t i n e l y  changed. 

- Duct sanpler, no t  a d ischarge source. Emissions no t  inc luded i n  repor t .  
N/O = The dust c o l l e c t o r  and assoc ia ted  process sources were not operated. 



Cnv i rc r rT in ta l  C i r q l  isnce - Air/Vater/LEPA C q l  iaoce ' 

Stack Dischsrgc Report fo r  the p c r i c d  from Dcchillser 3, 1990 t o  January 4, 1 9 1  

Cot Lec tor  I Stctus I N@tes I Stack Discharges E s t i m t e d  I T o t a l  
I Dur ing  Th is  Rcport ing Per iod  I Th is  Year 
I &g u J Sanpl ing I n t e r v a l  I kg U 

I 
I I 

L l n b c r  I 

1-1 I I i 

P lan t  5 
CSA-284D 

GSA - 2843 

$95-10190 

GO5 - 7 020s 

'CS-lCZ?J * 

C55 - 1016s 

655-1017D 

CS5E'- 100 

cont inued 

Graph i te  Breekup Booth 5 
E. Ho ld  Coo l ing  Booth 5 
U. Mold Coo l ing  Booth 5 
East Cool ing Well I 5 
west Cool ing w e l l  . I 5 

I F i l t e r  #265 
I F i  I t e r  R285 
I F i l t e r  ~ 3 1 1  
I f i l t e r  P266 
I F i l t e r  A4286 
I F i l t e r  $312 
I F i l t e r  Ri52 
I F i l t e r  #275 
I F i l t e r  #298 
I f i l t e r  ti253 
1 F i l t e r  s276 
1 F i l t c r  r2W 
I F i l t e r  ~ 2 5 4  
I F i l l e r  f277 
I F i l t e r  f300 
I f i l t e r  #255 
I f i l t e r  #278 
I F i l t e r  #301 
1 F i l t e r  #256 
I F i l t e r  #279 
I f i l t e r  #302 
I F i l t e r  #136 
I F i l t e r  #965 
I F i l t e r  #96G 
1 F i l t e r  n968 
I F i l t e r  nP15 
I f i l t e r  #916 I N/O 

10/13/90 to 11/10/90 
11/10/90 t o  12/8/90 

10/13/90 t o  11/10/90 
11/10/90 t o  12/8/90 

12/8/90 t o  1/4/91 
9/30/90 t o  10/27/90 
10/27/90 t o  11/22/90 
11/22/90 t o  12/22/90 
9/30/90 t o  10/27/90 
10/27/90 t o  11/22/90 
11/22/90 t o  12/22/90 
9/30/90 t o  1@/27/90 
10/27/90 t o  11/22/90 
11/22/90 t o  12/22/90 
9/30/90 t o  10/27/90 
10/27/90 t o  11/22/90 
11/22/90 t o  12/22/90 
9/30/90 t o  10/27/90 
10/27/90 t o  11/22/90 
11/22/90 t o  12/22/90 

5/13/90 
1 1/22/89 
I 1/22/89 
11/22/89 
101 19/89 
10/19/89 

12/8/90 t o  1/4/91 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . t  
0. OOQOl 

0.0 
0.0 
0.0 
0.0  
0.0 

Status:  1 - F i l t e r  not  inspected t h i s  per iod.  
2 - F i l t e r  inspected but not changed. 
3 - F i l t e r  changed, enalyzed and discharge est imated. 
4 - F i l t e r  changcd but ana lys i s  not complete. To be reported. 
5 - Co l l ec to r  abardoned o r  on standby. Stack sampler f i l t e r  not r o u t i n e l y  changed. 

- D u c t  s a q l e r ,  no t  a d ischarge source. Emissions no t  inc luded in  r e p o r t .  
N/O = The dust c o l l e c t o r  and  bssoc ia ted  process sources were no t  operated. 
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' r n v i r o . m n t a 1  Compliance - A i r /h ' j t c r j k tPA C c * p l  is:ire 

Stack Discharge Rcport f o r  the pcriod frrxn Decemlxr 3, 1990 t o  J e i x ~ r y  4, 1991 

c o l  l e c t o r  I s ta tus  I l iotes I Stack Discharges Est imated I To ta l  

I I I kg U I Sanpl ing I n t e r v a l  I kg U 
I '- I Dur ing  Th is  Reporting P e r i o d  I This Year Mwkr I 

1-1 I I I 

P lan t  8 
C43-27 
C43 - 29 
C8- 8035 
cia-8057 
_ _ _ . _ - . - . - - - - -  

To ta l s  

I 
I 
I 
I 

--I 
I 

5 
5 
5 
5 

I 
I 
I 
I 
I 

, - I  

F i l t c r  r s 3  
F i l t e r  a269 
Fi l :cr  t296 
F i l t e r  8270 
F i l t e r  $297 
--.--------- 

I 
I 
I 
I 
I 

- - I  

1/23/90 I 0.0 
10/21/90 t o  11/17/90 I 
11/17/90 t o  12/15/90 I 0.0 
10/21/90 t o  11/17/90 I 
11/17/90 t o  12/15/90 I 0.0 
- - . - - . - - - - - - - - - - - - - - - I . - - - - - - - - .  

5 
3 
4 
3 
4 

- -  
To ta ls  I I I 0.0 I I 0.0 

P i l o t  P lan t  

C -  1 1 3  
1 3  
1 4  

C-2 1 3  
1 3  
1 4  

735-13-7041 1 5  
735-13-7051 1 5  

I - - - - - - - -  _ .__________-_______ 
Tota ls  I 

c. 
t 

0.0 

0.0 
0.0 

F i l t e r  #267 I N/O I 10/13/90 t o  11/10/90 
N/O I 11/10/90 t o  12/8/90 
N/O I 12/8/90 t o  1/4/91 
N/O I 9/30/90 t o  10/27/90 
N/O I 10/27/90 t o  11/22/90 
N/O I 11/22/90 t o  12/22/90 

1 /23/90 

F i l t e r  #290 
F i l t e r  a 1 3  
F i l t e r  4251 
F i l t e r  #280 
F i l t e r  #304 
F i l t e r  #39 
F i l t e r  #40 

Status: 1 - F i l t e r  no t  inspected t h i s  perid. 
2 - F i l t e r  inspected but no t  changed. 
3 - F i l t e r  changed, analyzed and discharge estimated. 
4 - F i l t e r  changed but ana lys i s  no t  cunplete.  To be repi l r ted.  
5 - C o l l e c t o r  abandoned or on standby. Stack sanp ler  f i l t e r  not  r o u t i n e l y  changed. 

23 - Duct sanpler, not a discharge source. 
N/O = The dust c o l l e c t o r  and assoc ia ted  process sources were not operated. 

Emissions no t  inclubed i n  repor t .  



C n b i r o n x n t a l  CGVI iance - kir/!Jater/KtPA C - \ T l i m i e  

Stack Discharge Rci>3rt for the pc r i d  from Ds,-e-bcr 3, 1990 t o  January 4, 1991 

Col I ec t o r  I Status I # O t C S  I Stack Discharges Est imated I Tota l  
I During This Report ing P e r i o d  I This Year 
I kg U I S a p l i n g  I n t e r v a l  I kg U 

h'ddxr I I 
I I 
1-1 I I I 

Ctstus: 1 - F i l t e r  not inspected t h i s  pe r iod .  
2 - f i l t e r  inspected but not cbnged .  
3 - f i l t e r  changed, analyzed and discharge estimated. 
4 - F i l t e r  changed but analys is  n o t  cocrplete. To k reported. 
5 - .- Co l l ec to r  .. abandoned or on standby. Stack s x p l e r  f i l t e r  not r o u t i n e l y  changed. 

* - D u c t  sanpler, not  a discharge source. Emissions not  included in repo r t .  
N/O = The dust c o l l e c t o r  and  assoc iated process sources were not  operated. 



F’MPC Controller‘s Organization - Materials Control and Accountability 
Tlant 8 Wet Scrubber Emission Report for the Period from 12/01/90 to 12/31/90 

Wet 
’ Scrubbers 

I Emission 
Factors 
U gms/hr. oper. 

Totals 

Wet Scrubber Emissions 
Calculate9 During This 
Reporting Period 

0 

0 

0 

* Current emission factors are based on USEPA-approved stack testing studies. 
These factors are documented in a letter, A. M. Schwartzman to D. L. Dunaway, 
dated July 5, 1988, Plant P. Scrubbers. 

** This emission factor is based on continuous stack sampling performed while 
n-:---- C . - l - : - r r -  * P - C  A n v < n ~  ~ . ~ n t  c i i m n  rake IMTC nnF;9\ rlilrinfl A n r i l  1 9 R C j .  

Total 
This Year 
kg. U 

0 

0 



0.000~30 ~0.000000 
I 
I 
I - - - - - - - - -  

0.000000 ~0.003000 
- - - - - . - - - . I - . - - - - - - -  

I - - - - - - - - -  

I - - -  - - - - - -  

I 

_-_--____. 

O.OGC330 ~O.OC~3000 

0.00rj30 )0.030000 

0.01 i Z % 5  10. i:30000 

0.01 0225 I O .  002275 

_-______-.  
- -___._- ._  

I I I I 

\ . -  


